IN I HL ^ M Al; S . A I rS ? \J¥\T K\V> TR ADFV! \RK ( >l- b IC B 



A pp he Air 



rule 



S?-. ^ .ni^aki, et ai Unit : 2S1 3 

S"MICONnrCTOR DiAlCC A\0 VlANl TACTJ RI\C .si^ VtiOD TdZW^OV 



Mali Stop VmeKdM€3it 

SI P\:iSSIO \ O-^ \ bR^^ILD F\GI I Mf TR ANSI \nON 
SnpMon.uiLil -ep > jlet Ftlvaafv [A, 2{F-'k ^pnsv^arrs ^jbn^U .he 
^eri/^cc }■ 1 i.lis . :<ansla'Hni of pnonsv ^ppl cdjun No v^'^-r.Qi) 5" a ong w.th " ( rtl^Jici o. 
translation. 

No toe Ivix \e4i {o be due sn co.ucc.ion v i^h tae tKjn_, o'' JiKs papa o.i ihe I lettrc^j 
b i.ng S> ^rusr (FFS } U iic c\ cut t vU .^r'- fees arc t>it, p!.a^e apph anv cFai ge^ oi s t. oils U) 
dcpusi* ,it.^oa5.t Or (O'' 



R espec t fj-dl y s ubmi tied. 



Date:. 




Johff F. Hayden 
Reg. No. 3?,^^40 




' 42r K Nject, \ \^ - l^h F'oo. 

Icletiliorc (202' "SJoOT!* 
"'-r.ct- tnlt U'Ci "^^ 22 ii 
/adt 



Duuket No.: 07977-017002 



I\ \ Hi7 T \] \ i f) MAT &S P \TENT AND TR<\DBMARK OYi.-\Ch 



In .0 Fat.tU Ar|"U> :mn o ) 

S-u\^..' YWIA'' Xklet-; } 

AtirUMJi.>r \i> GiM'iro'^ ) E.XLimi-ier; 

Fjkd S(S iV'>« } L Schiiimger 

bo- SlMIU^NnrCTORDI \?rir XNIj- ) Group A- njp.it: 

M wui -Xv^ I KxVG ^^T- 1015 : iit-Rior ) :s s 3 



CosniTTiissioiHn- for Fa reins 
P.O.Box 1450 

Alcx:nKlria, VA 22.11.3-14.50 



Sir: 

I Yuri Taoiguclii, C./O Semiconductor Eitieigy liiboraioiy Co., Ltd. 59S, Hese, Atsugi-shi, 
Ka.nag;iW£i- V:.e!i 243-0036 Japan, a trajislator. herewith declare: 

Li-sat I am wd? acquainied wiih both the Japanese and English I^Jigisagcs; 

i.Kat i a;ri tl\e ti-asslator of the attaclied traiislritior! af ihe .laparsese .Patent App.Ucat.iori No. 7-090157 
fi.led on March 23, 1995; and 

thiif to the best of iiiv kTiow.kdge a?id belief the .foliowing is a true and correct iraTLsiation of the 
Japanese Patent App.»ca?kiri No. 7-090.157 filed on March 23, 1995. 

I further declare Tnat all staterrients snadc bere.in of nn- own .knowledge are true and t.hat all staterneins 
inade on iiiformatiott afid be].icf are believed to be true; ar.d mrrher that these statetneEits were made wiih t.he 
knowledge tliat willfal false siatemerds and the like so nuide are pimisihabie by fiiis or imp- isoinnient, or both, 
o.nder Section iOOl. of Title 18 of the L'nited States Code, asid that such willful false statenieius may 
jeopardize the validity of the applicatioa or any patent issuing ti-iereon. 

Date; tids day of 




Nattie; Yuri "Tanigvjchi 



1 1 iUo Ih. ent o >. ShM?COM)L CVOR OTA iCL AKD MANUFACTUmNG 
[Imcntm] 

I Address] 39S, l iase, Atsugi- shi, K^^ajiagawa-kei^. 

c/o Semiconductor Energy Laboratory Co., Ltd. 
[Name] Shuapci Yaniazaki 

[Address] 398. Hase, A.tsugl-sh i, Kan aga wa -kci^ , 

c/o Semiconductor Energy I^iboratory Co., Ltd. 
[Narste] Naoto Kosumoto 

[Address] 398, Hase, ALsugi-shi, Kanagf.Ma-ken. 

c/o Semiconductor Energy Laboratory Co., Ltd. 
(Name] Hideto Ohmima 
Inventor]: 

[Address] 39S, I-lase, Alsugi-shL Kasiagawa-ken, 

c/o Senricoriductor Energy Laboratory Co.. Ltd. 
[Name] Koichiro Taiiaka 



iPa\Er.oni Mcthotil F'C-pd\n\\>i 

! Aitachn-jd-nij Drawing I 
i Artachmeni] Abstract 1 



[Name of Dooumerii] Specification 

il"u!e of Ihc. :hrsentior!| SEMICO NO'UCIDR DEVICE AND M.ANIJFA.C1^URINC^ 
METHOD TifEREOF 
[Scope of Claims] 

A sen-iiconducior device having a pfiiralify of Ihin-fiim transistors iOnntd v.'iih 
cvySialLiiie siiicon on a substrate having m insulating siirface., 

Vvherdn the plurality of tl:iii>fitro transistors includes a diirs-tii-Ti trfiusistor 
having a P-type or N-type dopajii in a chainicl lormatiOB region, and s i.hi,n-tilv.n irarisisr.or 
having no P-tspe or N-type dopant in a chamicl formati(5n regic^n practicaiiy. 

rCiaira 2] 

A senniconductor device having a plurality of thin-fiim transistors forxyied with 
crystalliiic silicoi^ on a substrate having ari insisiating. sinface, 

Vvhcrei.n at least one of the pU-raiity of thin -filra traxisisiore has a different 
coocentraiion of a P-type or N-type dopant in a channci tonnadon region from the other 
thin-tiim transistors. 

[aaiKT 3] 

The semiconductor device according to C:iain: 2, wherein a P-type dopant 
includes boron, 

[aaim4] 

A senriconductor device havii^g a plurality of thin-fifnr transistors fonued with 
crystalline silicon on a substrate having an iiisulatirig snrface, 

wherein at least one of the plurality of ihin-fiUn transistors has a P-type or 
N-type dopant in a chai-sr^el forraation region, the doparst beirsg a diffcr&nt kind from a 



dopant included in channel formation: regions of the other thin-film transistors, 
|'(~1aiin, 5] 

A seTfiicotidoctor device having a phirality of thin-filra transistors iormed with 
CTystaIlii>e silicon on a substrate having an insiuatrng surface, 

vvhereiTi at least oiJC of the pliiraiity of thin-film Jmnslsiors has a differenl 
threshold voltage t V.;.) irotrs iht other thin-nhi-s traiisistors, 

ICIsim 6i 

The senUconductor device according to Claims 4, siui 5, wherein a dopant 
hi the channel formation region exists wiih a concentration of 5 lO' ' atomS'Cnr" to 5 x 
10^ ' atoms/csn'. 

[Clai-iir 7] 

A method for maniifacturing a semiconductor device, in doping a channel of a 
thin- film transistor, comprising the steps of: 

forming a siiicoii film over one surface of a subsiraie having aa insuhiUng 

snrface; 

fornring a control tiim havii^g distribistioii in thickness intentionally over the 
sihcon film; and 

imphMUing a dopant into the control fitei and silicon fihn. 
[Qahn 8] 

A suethod for manalacturing a semiconducior de\-icK. in doping a channel of a 
ihin-tllm transistor, comprising ihs steps of; 

forrning a siHcon film over one surface oi a substrate having an insuiaung 

surface; 

joining a ooTitrol filo h.^ving distiibiuion in thickness intt ,suonalU Os or the 



silicGR film; 



ai-splaaling a dopant into the coiitrol liln^ and silicoii film; 
rtnioving the conirol film: and 

irnidiaiing tlic silicon film with a la?^er iigbl or light having a sinniar intensity 



i CiaisB 9| 

A n^ethod ibr mai-iufacturing a semiconduct()r device, in doping a cl;a,n.ncl of a 
thin-fiini trariSisior, comprising li^c steps of; 



fcmiing a silicon film over otjc surface of a siibstralc having an ins^uiating 



forniifig a c<.jntrol fihn having distribiuion in thickness inteinionaUy over the 



inipiaTSting a dopant into the control film and silicon film; 
removing the coiiirol film; and 
irradiatiTig the silicon film with an exciiner iascr light. 
I Claim 10] 

A method for maruifacturing a seroicnnductor device, in doping a channel of a 



thin -film transistor, comprising the sieps of: 

fbmting a silicon fiht! over one surface of a substrate ha^'in.g an iBSufating 

property; 



to tile laser light. 



property; 



silicon film; 



forming a conLrol film o\ er the silicon i:ikTi; 



forming a re*.ist over the amirol fUm; 



patterning the resist iiUo a desirable shape; and 



implanting a dopant inf.o the control film and silicon film. 



|CkiiT3 11] 

A method for mainifacturiag a semicoiidi-ctor device, in doping a charnjel of a 
thiri-filni tra?isisix)r, comprising the steps of: 

fornrifig a silicori film over one surface of a s's.sbslrate haviiig a,n iusulatlrig 

propertv; 

summij h coBtKi! V''m\ o\ei the Silicois liini. 

ff^nrdng a jcsk-i ovcf Uic CPiUn)! niau 

i\j{Urring tho jcvi^t into a di^^irdhl: shape, 

inpUntmii a tk^panl inio the aTsM-ol film and ^IWcuVi lihv. 

rcpiO\ ing the reM^t and the coBtroi iihv, and 

irridiat^iig the siham film with d U^ti o5 light h3\ ing similar iatensity to tlie 

laser. 

[Claim 12] 

rhc method for rnanafacturii^f:; a ^emicorulucicn- dcvio;. accoTding so Chiiius 7 
U> 11. '^.^hescin the control film d silicon oxide tum. 
Paim 13] 

'\. seniicordijcfor device compi i?ing: 

tiiin trim transi!>Lors having iwn or more dillereijt thiesfiOid voltages on the 
sanjc suhstfaie in a th^n-lilni -^t rnrconductor i itegrated oiiciiit. 

wheitin a tbiji-film tr;rosistoi bavmj: a higher tl^seshuid vtutagc than th:\i of a 
CMON circuit 5^ c<>anected to a source ekctrode '■'f a P-channel tbin-uhn iTasisistor and a 
source. ckcir-'Kk of au N-chaiincl tinn-liln-s iran^Isif^r of fht CMOS chcuk forrned on the 
substrate. 

iCIaltB 14] 



'Afui./t <i trair an^ dine osiOvMI and .\ plun.its v\ Isnts lojik-oVv' tuo 
transisioi-s. aaa 

uaesi-M iMii-n!u u.inMvSt(^ t> 'h?i . c r o.c cs'd-^i 'i inc ^<stv l\c 
to oae gale line. 



IDctaiied Description of the iBventlon] 
[0001] 

[Techiiical Field U; which ihe Invention pertains] 

Tnc piesent inveiuiori ielatcs to Teduciion of power coiisviTnptior! of a thiTi-fiini 
senijcoiiductor integrated circuit consiitiued of crysialiine silicon. TTie is-vention also 
reiates to reduction of power consiimpiion of a drive circuit of an active matri?< display 
device that is constituted of crv^talMne silicon, 

The iT.3Vcr>tio« also rclaics to an ion doping Iccimiquc for a seriiicoisdactor 
material, and a ma,?uifacT.urir>g method of a semiconductor a,nd a senticonductor device 
using it, 

FuTther, the iuvcTitioi^ relates to reduction of a leak current while a ihin-fiint 
transistor (hereinafter abbreviated as ITT fThin Film Transistor)) is OFF, 

[0002] 
[Related Art] 

in recent vears, studies have been actively made of the active mauix display 
device using a iiqnid crysta). In the active matrix display device, a switching element is 
provided for each pixel a.nd a signal coming from an irrjage signal line Is supplied to each 
pixel by the above switching ek-meni. 

AUhough previotisly thin-film transistors (TFT) nsing an amorphous sillci>n 
semicfjnduclor were used as the sv^dtching element, in recent years, TFTs have been 
developed which use a silicon semiconductor having crysialiiniiy (including crystal 
components) witl-j a high operation speed. 

[0003] 

B'ovvcver, in a TFT using crystalline silicon, the leak cnvrent (OFF-curreni) 



that flows when the gate electrode, is reversely biased is larger &.sb in a TFT using an 
amorphous silicon, semicondtictor. 

The cause is btlieved to be due to ihe existence of crystal gmin. boundaries, 
which is r.he biggest. pToblerfi because it increases the cbaiacleristics and power 
consunrptirsn of a circuit constituting an activt niairix dlsp.lay device with the use o.i 
crysialUnc sibcon, 

In the case c^f an N-chanrsei TFF, wben Vr,s (sourccgate voltage of the TFT) is 
Tie.gat!\'e.ly biased^ a leak current Is determmed by currents Oowing through ['N Juncdons 
that are fonried between a F-iype layer that is indaced its Lhe soitEice of a semiconductor 
thin fi!.a.5 and N-typc layers ot scasrce and draiu regions. Bec^u.se of .aiany traps existing 
in the semiconductor thin filra (particular iy in grain boundaries), these P.N junciious art 
incomplete, likely causing a jiinction leak ciirrcTit. 

The reason why the leak current .increases as tbe gate electrode is rsegaiively 
biased more deeply is that the carrier concentration of the P-type layer fonned in the 
surface of the scnilconductor ihin film i.n.creases, which n;rrrows the energy barrier width 
of ihf FN junction, which causes an electric field coKcentrafion, resulting is increase of the 
junction leakc^irrcnt. 

The leak cunent that is caused as the ahos'c siroTjglx depends on the 
source/draio vtatagc. l\ is known th;it the Icisk current rises sharnb as the voiiage applied 
between the sourcc/drain ot & FFF is increased, Ff>r exnsnple, m the case \^hcr^■ \oUag;.. 
of ^ V is applied bctxseen a somcc drain, and the case v\hcre voltage of 10 V is apphcd, the 
latter leak current may he 10 tisnes laigoi; or moic than the former, rather than 2 times in 
some cases. 



The dbovt' noaliii!--aril\ dKo depends oo the l>i1c xoit^igc. In gcooral, the 
d'ttcicnce bci\soi.n rhe Iwo casi:'^ is ri^markaWe when the icwayc bias saluc (.it the <.<atv 
clL'v-iffiiir i^ Uxrys fir; an K-chaiirsci TFf, vdicn u i>\rgef iicganvc xoNrigcj. 

nt>^eKx->r.-ts> porstHdl vu-^iputti .snJ pcrtabiL j^fr-iAtso-.. tt. ^im?! HcK'vf ■■•or in t ^>^o 
;rouo.i}s j; j.csuit, t>c acL\e D-.-i*rt\ Ji^phx .s r^s;Kns to? m.At the f-nj 

^i(>\\».'- t.v>n.MiT!ip{irn 'r.ieft,\'if io^ tlK x^e>' to, -i ).oiv'-ri--tn^ Jn\ rg bs Urc.-, u 
vicsir;,^' to -bdoo, rnc f>.->v^ei i.unsi.nipnon c»t the .si.{t\L n itrK J sp a\ Je^ t,. 

Hov,c\or. c\e--. fitrc < puiphei^ 1 Cnx. cue it oi ,n ^.vtSvC ma.rs\ cis.^l 
device is coiislituted of CMOS (Conipk?rientary Metal-oxide Serniconductof) T'Fl's, large 
leak conents flow tvrra if the P-chaiuiel TPfs are in an {}FF state, making the power 
consurnptioT! of the entire circuit iaige, 

10006] 

in the case of fonning a higli-resoiution, large-screeri type active matriK 
display device, long gfUe lines of the screen cause a probiem that there- Is a delay imtil the 
TFT of a selected pixel is turned ON. A wiring resistance R„.;,<. aiid a wiring capacitance 
C.,v:;e of a gate line can be represeiilcd approximately as follows: 

R,.., = p.b(W-T) 

p: resistivity of a wiring material 
L; wiring iength 



1 f! ,' 7P. 



f,., (.'xittf^t LO.^^tanj ? I u oxide film, 

4c50in, 3 dcla\ t>v„eO! ri signa! tkse io vviring Hn^r, \\hioh is equfil to a tinie coEStanl RQ is 
expresses as 'oilo\\vS 

This t-'qiTatioJi indic<itt\s \h.il \hi. sivjvdl dcijv due to a sviring tine Is propordonal 
to tbe squase the Vvirifig length. 

Consentiox>ay>. the signal dA-\y duL- So ;i wiiing lim. is preventtd b\ iodiscmg 
Ihi.' x'.iriTiii lo;igih ot gate lircs b) prv5\uling gate lino drKc circuits on both sidos ai 
acirvc HKUrix dispLiv device. However, it is n-^t siiTtioieni. 

[Prubiom lo he Sf>lvtU by the In\eRt]Oii| 

in view ol She abov;,. an object ol the piesent invention) is to pioxide a 
strucSuru if? which power consamption ot a tbin-tiliTi semiconducior integrated ciicui; 
iomu-d on crystjiline siliooa. in pardcalar. a peiiphcial drive circuit of an active inairix 
liquid ciwi&l d]5pid\ device is redutxd. 

AriOtlit.-! objcci ot the invention is to provide a structure of a pixci-sw itching 
thin-OIni transistoi ol' jn acli^e r-iatnx liquid mstal display in which a .signal dckn due to 
a wiling liiie can be prc\crjicd. 

.\ fitrrhcr object tlw Invdntion js to psovidc a nethtxl fur tbrniing thiu-film 
trai-ssistois having diflaxTi? thr(,.shold \oliagcs {^\'t{,i on the same substrate. 



! vk'jn<^ \(y\ NoK irig l^it pjoblcm] 

'V> (k-^cKx-ii .5ho\e, Htc leak auffY m jl i. MOn <„K0i5j{ a ll'iin-filn 
.scnsiO'iKifiCiOi {iitt-ifnilcd cucxi-i founcd on cn^tdlmt bAicm casi be lecix-'^c L'v 
acatassngtbo s.iurct dra.ii \i)it.-t;c. 

To Sbi'i ciiJ, accozGing to ;hc in\cntJ0n a F-channt' fVr jad 'c\ N-crsamK- 
rn oor.r<.'Ci^\i to the i-oiira- ^ kvtzoilcs of P-chaiiici rKf ,UiJ an N-cU;aji!Ci ? oi a 
■v MOS tjic;:;:, iospcctisci} . Tiit thic^bold \o[t<jiVs the arincucJ P-cidLnrjel anJ 
N-c^<iiSisul IFRs afc ni^dc hiiihe: th;,n ?hnso of ih- CMOS ataiit, Thiiv m mAimj the 
(.cnncCcC P-driTiTRi md N-char:>cl Tl in an F ^>t.ite ih: TMOS rifci.il c^n bo 
M.nar.i5cJ iF>jrs a pov. snppiv uht-n iht; CMOS cs'Ciiit is ;K't rc use. 

Stnc^. the tbicsli<>id \oltage oi iht CNK^^S circtut h l-nvei, tbo -cJ. cuiJcnT i.'-t 
*ht CMOS Lirciiit us u'ducod. Tbus, the piiv^cr L'Oo«;umpt"op or jlTi intogratod ciroHit 
a^jsstiiuti-d ot thni-t«lm transistors oan bo ri-Juceii. 

ill ddditiori, piM-1 TF is aic constructtd such that the threshold voFLage of each 
ri F Is dctcori^Jicd m considi.'Tatiori isf a s-olhsge drop due to a wiring resistaitce of a gate 
line ot ;m acLis'c iTsraiiv displiy JtvicL-. That is, the thin-film trarisistors ?«-e constructed 
such fnai a thin-tihn ti^nsistoj niore d^^taat front a gate ^ine drive clraiii has a lower 
5btr^hr-kl \. oUagc. As a tesuU, the grJo voltage ot a pixel HI that is ab-'ui^ in K- d^s en h 
lower thajt the com entiooAl. I bcrcfore, the charging tiroe of ^^nc 'Airhig cacacilanco of a 
salt' !]ao can ix> shoi-luied. so t^itt pixel Tris prcs\idod dastanL horn iht: <uiic lhs<. drive 
ei'^cui^ CAu be umicd ON in shoner ii?-ne than the con>emjorat. 

{mm] 

I nrthti. in this manner, a dcscriptiorj v^iil be madt of a method lor making 



each of tbiesboM voltages of a plurality of thin-film traiisistors formed on the same 
sub.Stjatc differcni frovn one another, 

Ir; recfcRt yturs, if ha& been atSeinpted io pcirorni doping in the chajinel rtgion 
of a tbiii-fiin; InATisistoT (TFT). Hereinafter, this icchniquc is called channel doping. 

The chanjiei doping enables coatroi of Vr;. (threshoid voiiage). Although 
iiiiiereiitly Vih sboald be Ci V (actually, lo (drahi currenf* approxiTnaiely has a friinimum 
value when Vc:- (gare voltage) is 0 V). it may deviate much from 0 when a 
semiconducior jtiaieriai is processed to enhance its Cjystaliinity or improve itj- iinift>rniity. 
Other factors may also deviate V^jj. Ixi any case, deviadon of Vth cari be made about 0 V 
by charffiel doping. 

[001 1] 

\^^hethor <ui N-typc dopant ta doped scraiooTjductOf exhibits N-typc 
a>nJ.ycti\it>) or « F-t\pe d^ixxnt {a doped seiidconduaoi exhibit? P-rs-pc coniln.ctiv in ) is 
used depend^ on di^t V.,., has deMateo ciihtr to the -icgati'se side os the posUivc side, 
Fiiiiher, the dose channel doping is changed in accord^snce \\iih the ajoount of V:- 
ds-siafion. That Is. no niaitci how V.i, deviates. Vu can be made asxsut 0 V by adjusting 
the dose of channel doping. Funhei- tine adjustment oi V,}, ean be Jso dooe by adju'^ting 
the dose. 

In general the dose of channel doping is lower than the dose implanted in 
source di-ain. 

A^inealing is performed after doping to repair hittice defects that have been 
produced by a large arvsoimt of dopant impiaitted into a semiconductor material. 

[0012] 

.4 method for iutcntlonally making V,j, of a plurality of this-filBi tmusisiors 



diffe/evit txorn oiie another svill be desciibed beloy,'. For v;jryir;g Vih in elemeras, doses 
in doping f.he channei regions of She transif.iors nvdy be changed, as described above. 
[0013] 

Fig. 2 5;h{r,vs distribution of the dose of a dopant iBiplanlcd into a silicon fWm 

by doping. 

To control the dose in each of thin-film transistors, the mtmc of the dose after 
doping which enters a doped object as in the disiribulion in Fig,2 is used, in Fig. 2, the 
vertical axis represents the dose and the bovizoTUiu axis represents the depth trorn the 
surface of a doped object. 

Ajs Fig. 2 aho\\"S. the dose disiribnk's to havt. a range of about Lhree-digit 
Eiinnber to the depth direction. 

With this distribLstion, in ibrnung a thi.n-t'ilm transistor, a control fiirn, fbr 
instance, a silicon oxide filii!. that can be stripped off in ;.t Later step is tomied on the 
surface of the chaBnei region of the thio-film transistor, and doping is perfomred torn the 
ijbove of it, llnss, dose anioiint of avj impurity introduced into the chsnne! region can be 
adjissted by the thickness of the control film, 

100141 

In this ructhod, a concentmtion distribution is provided in the same substrate \n 
doping the same kind of dopavit. liowever, this can move V;h only in one dhectioo (i.e., 
positive or negative direction ). 

This problem can be solved by iinph^n.ting different kinds of dopants into 
different regions. 

Furtlier, to produce botii of tliin-filiri traswistOi-s in which Vtj, is nos shifted aL 
all arid ihose in which VV, is shifted, undoped regions and doped regions rnay be formed. 



The ant'VL tcohniques of coniroi mg V;^- <,'.m b<. u^cd not ^mh ;n:At; \', ol 
f.^ch ot irin-j^lm r'^ansisk^z'^ CiKL^UttUiUL' a cncun C\Xii:\cu{ xrom tj'xc <i.notrcr bul alsi'^^ io 
tjurinfitc diHcivfiCC"^ ^sad ;o make thcr>\ whonw \\hi.n tl-m-fi-m tKvjsistuss U.'vc di1f^.io.'U 

arc descnbed. 

[f)015] 
lEmbodimeutJ 

[Embodirnent Jj 

li: rliis t.nibtHlipKrj, cljai->:>el dopmg step is insi.ifeJ in a. pnx^-Js (sf lonni:^; a 
pU's.y'ts l-iin-tjini hdni.is.tosb on \h\. ■i.mtc wiKtfCite, In paitx'uiaK tb's e-nix^dinicni 
dosCi'K'b a pUiVufathiibg mt-ihOvl of ^hw fnw tian^istoH bavin;:, sufjci^or aicad 
crjaracterisficJi. 

MoTt. sp^-citicaih, thi'^ emhxUiiiTicm roiak-s to \ tcjbniquc ot isnpiOsiag the 
d an-ctcriiitios c^t the entia utcun ot rcduciiig the pr^^cr .:ont>!.3niptiot! ot Hit cmue chcu-d 
b\ mskm^! V.;, va^ucs or Sr.^iisistois diUertnt Uoni ono antner by contuflL-ig \V h\ use a 
ch;n\nel dfiping teohnlqae, 

in this f mbodmu-nl- a Je^ciipnor v, {][ be iiaJt ot a part a pj<:>ct;i.s up lasui -J 
ohfi^.^icl doping step After thdL irj^mHars^ L3.n be toimed t\ an f^rdiiuiiy mUbod bv 
assng <i silx-oa lllra prodaad i3> rhis enibotliintnt. 

[0016] 

Fwit thir film tnin^i^rort, in ihc nndsi of mainifectnm. i.e . betoio bcmg to K 
doptd die pTt-paad. Tins tilm tiaii^i^ioti: include a 5(»{i~A-tbxk siUv-On tilm fonnod on 
gL'iibS substrrue (Coming "C6^) and a L:(Hk\tbic< siHcoi ox^dc film tonned thereon. 
NcstLsr/d;\ the thickncs>,LS of ibei-e tiiras^-s a> be set as desired. 



Fhe silicon oxide film is a control film for conti-olliiig the dmc of a dopant \o 
be Irriplanted into a cbannei portioii. The control film nKiv be a silicon nitride film. 
Details will be desc-ibed later. 

"rhe rcas(>n vvhy the ohannel dopiiig is pt-rforni^d di ihis b-ii%c li- ilvA tht- 
chan.nel portion of a plaiiar thin-film transistor is usuiiily located utidcr the gate electrode 
and therefore doping should be performed beft>ve. fomialion of the gsie 5.'lecirodfc. The 
siliCi)n film f;s used here means a tilm raainiy nmdc of silicon, and has an arnorphious 
structLue or a crs.sialline sU-uctiire having crystal components such as a microcrystjuline or 
polycrysiailirje structure, 

[0017] 

Next, 'ji doping apparatus will be described briefly. Fig. 1 sho^vs a schematic 
diagrai^-i of a doping apparatus. 

Pksma is generatfcd in a plasma source 501 in top of Fig. i, and ions generated 
therein are accelerated by applying voltage in a,n ion acceleration region that is located 
under the plasma sonrce. .As sho\\'n in the figure, three places are provided to be applied 
voKage, They aj-e called a deceleration voUage 504, an acceleration voltage 503, and ati 
extracLion voUage 502 respectively from the bottom in order, bi an actuai doping 
operation, voltages are applied from the bort.orn in order, A substrate holder 505 
incorporates a lieater to keep the substrate al an arbitrar}' temperature. 

[0018] 

.An actual doping method is as follows. Boron is used as a dopant, here 
(Other dopants may be used; that is. the dopant is changed in accordance with the 
purpose.). 

hi this ernhodm^ejU. a 5%-dili3tion diboiane gas is used, A dih>rane gas is 



introdisccd into the piasrna source c-f the dopii^g apparatus^ and thrn-fiiiTi trssisistOis ii> die 
midst or iriaoutscsuie, i.e., before doping is .set. on the substrate holder 505 hi Fig. L At 
this time, the heater incoiporated m the substrate holder 505 is kept so as io be 50 to 500'X;.'. 
By ketpir-g a high temperarare, trie aetivation of a seirriconduet-or subslrate under doping 
can he sccelerated. 

10019] 

Subsequently, the ion aceeiciatio.^ Jv.jiioi5 s'icuukm^^c. .\'e I'.e C.cqsccx gas 
is introduced into the aeceleration region tVom ihe plas-nsa source. Irnn-ediately after 
application tif a deceieratioa voltage ot -1 kV, an acceleration vultage of 27 kV is apph'cd 
and ihe state is niaii'taiiied for 5 seconds, Fiiialiy, an extracrion voltage is applied by 
contifiuoLssly raising to 3 kV in 1 secoiKi 

With the above process, boron is iniplarsted into the surface (if a siiicor: oxide 
film. \%hich is a corvjol fihn, to the si [1001-! Elm with a piofiie shown m Fig, 2. As seen 
from the profile of the depth of 1200 A to J 700 A in Fig. 2. it is known that a dopant of 6 x 
10'" atoffiS'cm"' to 6 x lO' ' atorriS'CTrs" is iucinded. This profile is accordif^g to BHx, 

Oil the other baod, a profile from the surface to 1,200 A shows a mountainous 
shape profile, and it is kuov/n that dopant of 7 x 10^^ atoms/cm at a mtL^imuni is included. 

10020] 

This mountainous profile is due to B-H, This portion dots not nfleence tht- 
chaiacterisiics 01 TFTs at all, no matter how much dopasU is introduced, because t.his 
portion is in she silicon ovde film;. 

The rs;as<-m why the silicorj oxide tilm is forrried is to put dopant at a low dose 
of fjbout 1 \ 10 atoms ciu' irno tlic silicon film (It -s difficult to directly iriip'fint the dose 
05 about 1 \ It) atonis/an ' vs ith cvistiag doping apparatuses. ). 
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'Oie above dose values are presented just for reference, and a desired dose may 
be implanted in acajrdance with a purpose. Experiments conducted by the applicants 
have revealed that, in channel doping, a lower dose may be implanted thai? the dose 
implanted into source drain, and that the threshold voltage control can be peifoimed 
favorably if the dose falls within a range of 5 x l-O^ ' atoms/cnr' to 5 x W atoms/cm". 

[imn 

By applying the above-described doping technique, the dose implanted into a 
channel region can be made different from one transistor to another. Techniques 
necessary for that will be described below. 

{(mil 

1. A method for forming elements to which channel doping is not performed 
at all and elements to which channel doping is performed on the same subsn ate. 

This can be done simply by masking, during a doping, a region that is not 
required to be doped. Specifically, a resist is formed on the above-mentioned silicon 
oxide film, which is the control film, and then the resist is patterned. Since a region under 
the resist is not doped, a portion to be doped and a portion not to be doped can be 
discriminated from each other. After the doping, the silicon oxide fihn and ihe resist fUm 
are removed. Anything can be used as long as it has the same fiuKlion as die resist, in 
ibis aise, 

[0O23] 

2, A method for implanting tht same kind of dopant Into legions at different 

concttitrations. 

For tliis, it is preferablt- to va.ry the thickriesscs s)f silicon oxide films for 
respective regions, aod cojiducl doping thereon. Because, with this method, the dose 



'listrihiUf^ as Fip, 5 am be ubt.'tiuod. Fig. ? slunss JihfTjl'utjnn ol isc dose. 

The doscj> 'irc ditlorent raarkodh at ix)in!s A. aiiO B (n i. 

^pcci^^c..U>, a ic^i^t 5S piO\Idca on the siiicurs oxii.1c illiTs. whiL-li is the centred 
OIpi, and thi- resist is pattosncd. XUi.-^ that, lHc- <]\ia)Xi oxkk UitP is cknitvi {<-> the df.sirod 
^iHck-Titixs. rncn, Ihc siliuio oxide tilfuj- ha\'in,t; different rhseknessCN in icspeeti^t.' region*^ 
die \n,i(k\ afttr riv atiifet it. ropiovtd. Di'pit'ig eonOycfcd tljcieoii 

[00241 

3, '\ nietkid lor iiophrtini; di-f-ferertf kinds of dop^tv.s into reopeaixc 

regicMS. 

\kthoJ : 5s Hi] i td Mctkud I nj.a\ be co-^.l. .cteC 'VvC urecs. in-t 1 3nehKleo 
\>ii .n ^;t.-><;, T-lc^roie, onK j ies:^t lAxr. \i> nvc-o^cd autr i'.c jr-" doom' , ..nd a t:l.s\ 
-esist fdn is formed Ihtn, soCi^nd dopinj: i^ concucted b\ a>rductmg rsatterri^^ v4vc^i 
IS miic^mt ttom the htst one, 

[0025] 

AUhonjp ihc above three methods aie the Oiies tor conducting doping of 
different dopanis in two regions, they may be used for three or moic regions. These 
methods enable a liner conti-ol of V'ti, in each eieroeni.. 

After the dopirjg, thermal aimeaiijig is pe.rfon-ned to repair lattice defects that 
aa\e been pjodiiced b\ a iarge ainoLisU ol doprmt implajitcd into a 3emicondi:Ct.or inateria,!. 

rbcjcalter, a silicon film obiaiiKd in tlie above manner- is pTOCtssed. md .\ gate 
insiibting fih-si n gate eleclrodt, source dfain f lectrodes. a. passi\ ation u nr. \ f>i\d 
cleeuode. us the like aie provided. Tins, thin-tihr tjansistors baving dirter-nt th'eshulo 
\ oltages e^n be tornied im the same substrate 

[0U26I 



A <)^cr dxinc. uig step nsorLd at'O' 'he Sv,.p ^'"v^^^.^ -s ^irooouiAtsl 

The s j!.i.v (!^•co tii-n A r^rKn>.a Lk'jng^' ^oa ri.-^ s.\ .-jnoo d'r^ 

liL'ht 5s csritvd b\ an osLiliaU^^ 2 v^f- cxciriei Lt'^tr Ig^ i s\ sclc^gi'^ - j 

VviOlh 3"^ .-i ^.routed f-oir l o<-ui] ito 3 O.'^mousa othci . x^thv^ and hirtjie- 

[0027] 

<itie/ p ^^K^g J] '^tilcJv'u r^jHOis .niJ 6. and '-tuidus^v.d u.tv ar (.ij.'* <w.-^ - . tc? io .ri< 5 
pa'-ssng r.(.<.tH.n-! uni^o-'v and 8 Iriiiredjakh Ixioi^ iLSsk"ag Ih^ opLcs tr.t. las* 5 

lignt ["^aPx ha*- r rcttansuir- N>apo ot "porminiatdx r x 2 <,nr .(iwtni.. "h. Hv~ bait 
oc.n s rjioc^'-scd tLc optKs 4 O K ^ loi^g id EkTiOM, bCiMi (.non beair) oi 
app^o^.n5a.v ^ iC to t_n. ir. icrgih t^nd 0 1 ^) 1 c.n .a v scit^. Ihc cnom\ (ii tho .3\cr 
jftht '■hc-i a-.i's ia-"se'5 .he opuos + ' ul>0 rt) i,boi \ n\ }\m\5 75 

Tr rcasoji to. p.oi. easing t'-c laser bgal mto 'Jk ojig anc .lanov 'tcom "s fo 
nipn-)\i. 'D'-oc.'-Mbs tt^ in o'her neids ihc 1 -^car Kasr ot'Uu-^ trou^ {.\s*i>_s 4 
pavst= a .Uxl crxi-vHOJi mjr. r Q ^int a sa.-np'e ' ■ 3s rraJnicd ih u Snue fte vviJfli ot 
t .c beam is ongcf l-i.in the vid^U .it the san-pL, fv cutuc S'tiplc . rr.t latt-J wjt.- 
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ihc- laser light hy moving the sample in one dkectioii. Tncretbre, a sarnple sisgc: and a 
drivi.ng device 10 are simple m stnicture and eas;' lo rnaintain. in addition, an aiignment 
operatior: (alignmeRt) in setting the sample is also easy, 
[0029] 

The sample titage lO- \%blch ii> ru be li'jdirjCil t.V itgh' -a Cv^nficdl-d 
by a coniputt., at^d i-? dcs jjiku so <is to sTiOse pcfpcr.ciail«l\ the beeiS Ki'?ei iigln. 
lindcT tbe stage 10, « huvxi iS ioeOipo.ared fu Liep ihs s<jmp'.e 'x piesciibe-J lensp^jafuri. 
duris-ig laser light irradiation, 

p)30] 

An optical patii inside the optics 4 is shown in Fig, 4. l"he iaser light that hits 
been input to the optics 4 passes through a cyliiKiricai conc<]\ e U^ns A, a cxIiirjdTical con\e\ 
lens B, and liorizonial tlyeye lenses C and D, so that the las^r lighl ciianges from ihi. 
original Gays.siars distrilxuiorj to a jccianguiar distribution, Fhen, ii passe*? through 
cylindrical coavex lenses E and F and then through a niisuir Cj o^hich a>r.csp(,>nds t!,> the 
minor 9 in Fig, 3), thus, it is ibcissed by a cylindrical Iciis EL and tinall> inadiates the 
sample, 

[0031] 

A specific laser iixadiation is condacted as follows. Tlic laser beam is ,shaped 
into a rectai^gidar form by the beam shape converting lenses to pjtu'ide a beam area of 125 
nrm x 1 mm on the irradiation p()rtioTi, The sample is niounied on the stage 10, and by 
moving the stage at a rate of 2 m.m,'s, its entire surface is irradiated, 

M for the laser light irradiadon conditions, tsvo-step irradiation ODiisistiug of 
preUniinai-y irradiation of 150 lo 250 rnj/cm" and main irradiation of 200 to 3S0 m,3/cin" is 
employed, and the pnise rate is set at 30 pulses^'s. The reason for employing the two-step 
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irradiation is to miniinize degradalioT? of the aiiAfonnily of a fWm surface due lo the laser 
nTTidiation, thereby pTodvjcir.g a film having better crystaiiiHity. 
[0032] 

The siibslrate temperafure is kept at KKfC during the laser light irradiation lo 
reduce the speed of inaease and decrea.se of the substrate surface teniperattrre due to the 
laser. AitliOiigh in this entbodimeat the substrate r.e.n\perata.re is set at 200 "C.\ in the 
actual opemtion, the niosi suitable temperature for laser annealing is selected tVorn the 
range of .100 ''C to 603 "(^ No particular atnjospbere control i$ performed, and tiie 
irradiation is condiicted in the air. 

iiistead of using laser light, strong light equivalent to laser light, for instance, 
in,f.rared ray .may be applied by usii^g an ird^ared ray lamp. 

[0033] 

I'limbodimeat 3j 

a -ihitt register consritutlny a drive circuit of an active ntatrix Jisriav devios;, 
d ciiCidt \\ h-ch car rt-drtcc le^tk currtnt is shown in Fig 6. 

Oue ouipui <;ignai of the shin register is pu>duccd b\ one ihr.'mi, gau/ration 
cl!CU2t and UM^ power sLsppiy corstrol circuits. 

ibFi--: TO FF,o timlag gencTdtion Lircuhs. •v.Mtosc ciicuit diagiam is showi> ia 
Fig. 7. Fach of the timing gcnetation csrcuit^ con-iisis oi tme clocl>ed iuxcrtet that is 
cunstituttd vi thin-liii-n sninsistois having a low threshold voltage and two irveucrs each 
constituted of thin-filnr trao<;isfort> having a high threshold voltage. 

These thiis-tite liansistojs ha\ing different threshold voltages are ones that 
have been i-nanufactnrcd by the method m Knibodlnicnt 1. 

Use timkig genciatiot"! circuits generate •icamung tinsing or ii-iU^ge signal oatp Ltt 



the " Si^iL a'c OvJtput spms y" 'ho Lnii>-'£ suk at o'l ci AMi^b >c<.>-> n.„s 

outo.. •-sg?as Ox t\f "-hm jog.slu 0 art s._, '<iK on ^ uku Kjg-c.N 

ins or /i: sigiv.s O to 0 
r()034] 

VC, to aio jxWv suppA cotitro. wVwts Ih. crejU J'apn^i is 

sros^ Fv' ^ The p<)^\oi suj'pa cnn'r j csruiJ .'^ SR j.jxi u'li'Ss^siig trt 

bigh t^'■t,s^oa v>L>ltagc l>c pCM supph -"rol . rcu^t orjsoK ^cpalavl(^ . t tni r 
pos Lt j)>5U of ^h.'' nrjog gcoo., it'ui! ^.-louj* 

In Ih. . L\Tt. PON ^ lo PON arc i.y.<iK lumaisi ( >N OF" i P ^rannrS 
TFT ttiat >.t'\\ecrcJ to .he r^m.ng ^. nn^nw r roin sn fno ..^u'u *\ , NON 2 
.>ro s-<:'nax^ h^i taunng <>\ OFh an N-cis. nncl i! i U.di is cojiutctta *o "iVAins. 
go :c5 atu^n ^..'-ejU RtbLl m thi^ figarc is a signal Ji .^ nipj Kr - fortaif | tik^J afti 
r po\Si.r m lo pio^-e'^/ the SR "jtK.h or x^c p. v^c^ >jppi\ cuntol circuit f^ni psoclucmg 
0-;*!^ rtciorv ixn^ijt-- ara thert-b-^ ^'Mj's; the iogic i'f^tcT *ht ^J^^.!^s^.5 ot dis XtiNO iiatnx 
display device. 

[0(135] 

The operation of the circitit will be described beiow. 

When an input pulse is i»ipi)t to the timing gencratiot) circiiit I the outpat 
signals Q., and ^^Oj th&i. arc clock-synchTOnized aiC oistpm b>' tbc docked mverier. ll-je 
oiitput sigTial Q. sei-\-es both as a tircing signal tor the active njairix display dc\-ice tnid an 
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input i^Ke t ^1 .h> turtij, ar^on c coit (i-I } *hi. rt\t st 

'lie Od.fal si^^ai O is Jjipi-^'i P ''^^'^ ■^u.pfl> c<MUr(il t.KO i (.>-2). 

n .■Nt^ out --igiifi 6 FOX ^ ,.nd NfO\ ac'jvt ■Xi a itsal^ J?v* goii r,iLM>/ t i u 

!s corinectea to the power supply. 

A\ tlu: same \lxnc.. the outpnf stjiiiii "'0 .s inpui Ij.- jxAst" s.\>ix\. oo";*K>i 
circivit (i~2?, Vv'hich makes ytUput SiL'si'ls PON ^ jikl NOX, non ^ulKC \^ <. .o^uln Ihv 
dniing generati()n circi-it (i~2} is sep.'^attil tiom ll'^c po\Vt,i -^U} |> }. 

iims] 

lo this i.5T!boJirac;r5t v,hcn the slufi n;i:isit.i- piodiKv.\^ n-?Ui.v outpiUs. {n-i'.:) 
timing gCfie^'ation circuits -mi! (2n-4) p<n\or &oppl> (\}ntrf>l Cif"Ci.!i^s i;\i.st. 'The- reasons aft 
<!s fiillo^x^. T<y p<rf(!rrn po'Aer Mipp'iy cnntiol (stipajation Uvm thi puxMrr $iirpi\ s of the 
hniing ia-notution circuits (n-l) and n, timing sjjaoration circiuts ai-fl) i^rd (n-f-2) aie 
needed, hi adiliJion, fo pjcs'cnt oscilialiors oi tiu siuft ic.i^istor aftct tlic powor-un, a prs\v;,r 
sopply control circuit i-^ not included in tinung gent ration cixcuits I. 2, ■ u+1 ), and {mil 

[UU37] 

As itxc above. b> u«.nig tiic TFI's having a high thrcshuy voJtagc, in the ciicidt 
whKh does not output a signal nl the shitt iregister, the- ciockoJ invcrtvs of the timing 
gcris, ration circuit b scpa}ot;.>i from the power siipph. Tarliicr, Jiinct the Ills 
coTsstiteitsng ihc clocked k\eitcr have a lowci thnsiioid voltage than iht: TFI\ connected 
to the po^Acr suprilv. the Itnk ciusent can be reduced than the conveniioiial. hi addition, 
"^mce ikt invertei oi the tijr.ing gcnesation circuit holds the tiuiput signal, no Icai cntxent 
thws, which Ci.<ntr(hutt;s to teductiop oi the powti consuniption of tht actiw niatrsx 
display device. 

ICI038] 



lEmbodimeut 4] 

In En'Cnodimcnt 4, an exaraple of an arraBgement of pixes I'FI's liaving 
increased .sv»'itcbmg speed irs an active mauix display device is showTi. 

Fig. 9 sho'^vs rj schere;njc diagram of^i gate line drive circi:it and pixel TFIls of 
an acQve jnairix display device according in Ernbodiraent 4, 

A gale line drive circuit 9{).l i.s coiistituted by connecting a pluraliiy of 

inveners. 

T¥T] to TFTf, arc N-channel pixel TFTs. \v-hioh have been maniifiictiu'ed 
according to the method of Enibodlment 1 so that thieshoki voUsges V.^,! to Vft,, or the 
respe.cti\"e TFTs satisfy a relationship of V.^j. > V^, > ss V.^^y.-..-.^ s 

That is, a pixel TFT iiiore distant from the gate line dri\'e circait has a lovver 
threshold voiisge. 

With the ai'^ovt- configuiatitfji, a ITr tnore dist;uu from the ^otc line dri\e 
citciijt c'i'i h<iv<. a kmer gate \^^it<4'e. As a K\sislt, ihc cbaiglug tinR- uf the \^inng 
capacitance o: a gatr lirt car bt. shoittricJ, ,so titat the pixt.l 'ills pioeideu Jistaut inym 
the gate luic duve ciiviiit caii be ts.;rned ON m shorter time than in the cOi^eentional. 

Tliu^. in the active ntatux di=pla> dt\ iCe, the gate line driv-. oijcait can iu^ix on 
the pixel TFTi: in ^horlei tirue than in IKt C(.>nvtniional, 

[0039J 

[Effect of the Invention] 

As described alx>ve, according to the iriventiou, it becomes possible to reduce 
leak current and power consiUBption of a tliiivfihTS seniicoriductor integrated circait made 
of crystalline silicon, in particular, a peripheral drive circuit of an active matrix display 
device. 



In addition. TFTs fonned on the saTiie substrate, which has two or nioie 
different thrtshnid voitages can be ibm'ied. 

Further, in pixel TFTs of the display portion of a« aciive matTix display device, 
pixel TFT^ f rovidcd distant from a gaic line drive circuit am be turned ON in shorter time 
than in the convcntioTial 

In oihtx \^o^ds. the ii^sennop nuslos r ;x)ssii^lc \i imp^inc me C'^-cuu 
char.;Ctcnsiivs oy cwituflhrij: ihc- iiiresL(.rid xoitajits ot thsn-tOu^ 'laj'is-stOis niaJt ol 

C5VSt.j|!inc SshCOTL 

1 BRIFF DESCRIPTION OF THE DRAW INCLS] 
[fig, 1 ] A scljcinatic diagran^ sh<^A ing a doping app<uatus. 

[Fig, 2] A dijLgram showing di^^tribuiion of the dose of a dopunt impl^aired into a ■siUcon 
film by doping; 

[Fig. 3| A schematic diagram showing a Inser miuealiiig apparatus used in Embodiment 2. 
[Fig. 4] A diagrairs showing an optical path inside an optics 4 in Fig. 3 
[F^ig. 5] A diagram showing disttibutioii *)f the dose. 

[Fig. 6] A schematic diagram showing a diivc circmi of an active matrix displa}' device in 
Embodiment 3. 

[Fig. 7] A circuit diagram of u'nring generadon circuits constituting a dri\-e circuit in 
EiiibodimeiU 3. 

[Fig. 8] A chcuit diagram showing a power supply cotUtoI civcolt ci^nstitudag a dris'e 
circuit in Emlx>d.iment ,3, 

[Fig. 91 A schetnatic diagram showing a gale line drive circuit and pixel TPTs of an aciive 
matrix display device in Embodiment 4. 



[Numeral Reference] 
2: osciliafor 
3; amplifier 
4: optics 

5 to 9: tiiy-refiecdon rairrors 
10: stagt 

501; plasras source 

502: extraction vo;uige 

503; acccieration vohage 

5C4; deeelerdlioTi voUage 

505: substrate holder 

601 to 605: timmg generation ciratits 

606 to 610: po's^'er supply control circiiits 

901 : g;ilc line drive circuit 



[Doeiiment Name] Abstract 
[Summary I 

[Prt^^kin] It i'^ an ohjccl o! tlu pio^cm inscnti<>T\ to piOMdc a tttruclua x \\hic:- po'^^i 
onnsiJirD^iorj Ma pi.r.s)borr![ dnvc circiiil of activs. irsritu^ liquid en -^tal d-\p!a\ X'-^kx- it- 
iciiiiccd. and a Nignal dciav doc to ..t b'ac is pic^cntL-d m a p;^el ss^itchsng thin it\ni 

iXid-'^-Mo:. FiiTthcE. u p-'t'VHlos 'i mvihod ioi foiniiru.' a tiiln-tlln-! •^iaiiNi.slnr baNin,sf CJTciea? 
thic^huKl \ oliJiTcs or. the -^.inx subbtrate, that. 

[Stiucturti A IFi hn\mg a higf-i tbrosho'.d solta^ic js v:onnecL-d io the sourci- oUaiode 
at iach Thl tlsat cnasdtiUcs d i WO^^ circuit I irtlui. pixts IFU ar>.' consuuctcd >;uth 
ih'xt d ihin-hKn hav-v-stoi nort Jistaiit Stotn yaic line drive ciicuit ha^ a iovvt^i rhsoshold 
st)]!;agc. \Ui;coi.cr, a c<>ritiol film that rctnovoMo irs a Luet v^cp -'s U;nrcd sm tbo 
sun-ico oC ihi' v-hatuiel region ot a TFT. and d<>pirij: is per-ornied rron above tot coniroi 
film. 

[Selected dravvmg] Fig. 5 
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